The single breath method underestimates total lung capacity by comparison with the multiple breath method (TLCmb) because of inhomogeneity of ventilation distribution. This study proposes a simple correction for the single breath TLC (TLCsb), using inert gas phase III slope to account for the effects of uneven ventilation distribution. A model of a non-uniform lung ventilation was designed, composed of a serial dead space and two alveolar compartments arranged in parallel, 
The single breath inert gas dilution test underestimates total lung capacity (TLC) by comparison with the closed circuit multibreath technique. This underestimation parallels the uneven distribution of ventilation in patients.`~Although an inspired inert gas (such as helium or argon) is distributed almost evenly to all areas of the lung that contribute to the single breath phase III in healthy subjects, this is far from being the case in patients. The distribution of volume and ventilation is often very uneven in patients with lung disease,6 leading to a mean expired inert gas concentration that is larger than would be expected from simple dilution. This is due partly to the fact that the mean gas concentration that results from the mixing of different compartments with their own dilution and ventilation ratios is always larger than the mean concentration obtained when all compartments have the same dilution ratio (but different volumes) or the same ventila-873 tion ratio.3 Furthermore, the asynchronous filling and emptying of these lung regions follows various regional or local unpredictable patterns. A remarkable consequence of these different uneven patterns is reflected by the slope of the expired inert gas concentration curve (the so called phase III plateau). Many studies have shown that the slope of the phase III plateau or some of its derivatives are related to pulmonary abnormalities present in various lung diseases. formed between the end of the deadspace washout and the closing volume (when present), both being recognised by eye. Subsequent calculations are provided in detail in the appendix. Briefly, the single breath TLC (TLCsb) and residual volume (RVsb) were calculated using the usual equation of dilution, by numerical integration of the product of mouth flow and argon concentration. Appropriate corrections were made for instrumental (50 cm3) and anatomical deadspaces, and for the background argon concentration (10O). The corrected residual volume (RVcorr) was obtained from a model of lung ventilation whose characteristics are shown in figure 1. It consisted of three gas compartments, D, A, and A'. D is the usual serial deadspace, though A and A' are alveolar compartments arranged in parallel. At residual volume the volume of compartment A was RVcorr, and that of compartment A' was zero. This choice was imposed by the number of parameters to be identified, and was limited by the amount of information available from the single breath phase III. During inspiration, after the alveolar air from the preceding breath in D had returned to A, the mouth flow was partitioned between A and A'. This partition was chosen among the most simple ones: it was a linear function of the changing lung volume. At the beginning of inspiration A received all the flow entering the mouth. Then less and less flow filled A as the lung expanded, and the remaining flow went into A', which was consequently filled with the pure inspired mixture. This procedure was repeated in reverse during expiration. The rationale for this choice was that it represented an oversimplification of possible mechanisms for inhomogeneous lung filling and emptying: the upper lung regions with the largest RV filled first, then became too rigid to receive the bulk of inspired flow, allowing filling of more compliant ones.'819 Obviously, any partition between the served be-residual volumes of the A and A' compartments iy subjects. might be imposed but unfortunately might not b in these be identified. A zero residual volume for A' was it (from the not a purely arbitrary choice. It corresponded ting TLC-to the proportion of inspired air that would This limit never mix with residual gas. A possible physical top). This analogue for this would be diffusion in previous inhomogeneity, as a central core of gas penubjects.202' etrating alveoli would increase in volume dur-Helium is frequently used as an inert gas for TLC measurement. The derivation of the correction equation was made with argon. Whether helium and argon provide the same TLCsb estimates requires confirmation. The phase III slope is almost certainly steeper for argon than for helium because of its lesser diffusivity.24 Phase III slope is not, however, the only parameter of the alveolar plateau used for correction of TLC. The intercept of inert gas concentration at zero volume is also a determinant of this correction. Then the proposed correction (after simplification for helium because of the zero alveolar concentration) remains to be validated when an inert gas other than argon is used.
RELATION WITH MALDISTRIBUTION OF VENTILATION
The uneven distribution of ventilation is of mechanical origin.8 1922 The difference in time constants between lung regions is the result of gravity,9 1819 uneven distribution within regions," 23 and diffusion processes.'0 In disease lung lesions also contribute to maldistribution.67 Thus attempts at modelling lung function in patients are futile. The gross characteristics may be the subject of phenomenological oversimplification, and such is the case here. The origin of the underestimation of TLC is likely to differ from one patient to another one. As, however, all patients' TLCsb values were corrected (though insufficiently in some cases), we consider that the proposed correction mirrors to some extent existing uneven distribution of ventilation. The basis of the correction is that zones with the largest RV must fill first. VA'I(t)/VmI(t) = aVmi(t) 
The values of the compartments at TLC are:
VA'max = aVCi2/2 (6) VAmax = VCi + RV -VD -VA'max. (7) At the end of the inspiration the argon present in compartments A and A' is equal to the sum of the residual and incoming quantities: [FA'VA'E(t)/VnmE(t)]. (10) When equations 2 and 3 are substituted into equation 10 and FE is expressed as a function of expired volume (VME), the abscissa of the plot used to perform the linear regression of the inert gas single breath phase III plateau is:
FE(VmE) = FA[I -a(VCi -VME)] + aFA'(VCI -VME). (11) This argon concentration appears at the mouth When helium is used as inert gas, the denominator of equation 21 is simplified because of the zero alveolar concentration. It becomes a(VCi + VD) + /3.
